Summary
Introduction
Non-adherence to prescribed medical regimens has been proved to be associated with the risk of acute rejection and allograft survival in renal transplant recipients [1, 2] . Advagraf ® (Astellas Pharma Inc., Tokyo, Japan), a new prolonged release formulation of tacrolimus, was developed to allow once daily prescription. The once daily formulation (Advagraf) is likely to improve medical adherence when compared to the traditional twice daily formulation (Prograf ® ). In preliminary clinical studies, Advagraf was shown to be bioequivalent to and to have similar efficacy and comparable safety profiles to Prograf [3] [4] [5] . Since Advagraf became available on the market a few conversion studies with smaller patient populations revealed the comparable efficacy and safety of Advagraf with Prograf in stable maintenance kidney transplant patients despite the observation of reduced tacrolimus trough level after conversion Prograf to Advagraf in a certain percent of patients [6] [7] [8] [9] . A large cohort study of stable maintenance kidney transplant patients further showed that Advagraf provided stable renal function, a low acute rejection rate, and good tolerability in the setting of routine clinical practice [10] . However, experience of stable conversion has only been reported in stable European and American kidney transplant recipients. Furthermore, the experience of late conversion in the daily care of stable kidney transplant recipients has been limited. Thus, the objective of our study is to clarify the actual efficacy and safety in a cohort of stable Chinese kidney recipients converted from twice daily Prograf to once daily Advagraf in routine clinical practice.
Materials and methods

Patients and study design
After obtaining approval from the local Institutional Research Board, we performed a retrospective cohort study of renal transplant recipients at Chung-Shan Medical University (Taichung, Taiwan) who had been receiving twice daily Prograf-based maintenance immunosuppressant for at least one year and whose clinical condition and graft function were stable. IL-2 antagonist was administered for all patients as an induction therapy. After transplantation, we keep FK-trough level around 10 to 15 ng/ ml in the first three months, 7-10 ng/ml in the following one year, and 3 to 7 ng/ml thereafter. Cellcept ® (1 g bid ) or Myfortic ® (720 mg bid) were given in the first three months and then gradually tapered to a dose of 500 to 750 mg bid or 360 to 540 mg bid, respectively. Corticosteroid was usually discontinued one year after transplantation. The actual dose of each immunosuppressant and supplement of mammalian target of rapamycin (mTOR) was determined by the transplant team on an individual basis. The conversion from twice daily Prograf to once daily Advagraf was started in September 2010. The conversion in patients with baseline FK-trough level more than and less than 4 ug/dl was usually made on the basis of 1 to 1 and 1 to 1.1 or 1.2 of total daily dose, respectively. The recruited patients had received postconversion follow up at least once monthly for a total of six months, unless they had discontinued the use of Advagraf, had been lost to follow-up, or had lost the graft. We collected clinical condition (body weight, blood pressure, clinical events and self-reported adverse effects of drugs) and laboratory parameters (serum creatinine, alanine aminotransferase [ALT], blood sugar level, lipid profiles, urinalysis and haemoglobin) every month to every three months after conversion. Other immunosuppressive regimens, concomitant anti-hypertensive drugs, and episodes of biopsy-proved acute rejection were also recorded. The discontinuation of Advagraf could have been made either as a decision of the physician or the wish of the patient.
Statistical analyses
All data were expressed as means ± SD, unless stated otherwise. All analyses were performed using SPSS software for Windows (Version 14.0; SPSS, Chicago, IL, USA). Analyses were performed with χ 2 testing for categorical variables (Fisher exact test used for violations of Cochran's assumptions) and t test for continuous variables (MannWhitney test for non-normally distributed variables). A two-sided P-value of less than 0.05 was considered as statistically significant.
Results
Baseline characteristics of study population
The study included 199 stable renal transplant recipients (60.8% male) with the mean age of 54.5 years (table 1).
Figure 1
The evolution of serum creatinine level, tacrolimus trough level and daily dosage of Prograf or Advagraf in renal transplant patients with conversion from twice daily Prograf to once daily Advagraf. Tac level: tacrolimus trough level; Tac dose: daily dose of Prograf or Advagraf; Cr: creatinine.
All of them had their first transplant except one, who had a second transplant. The mean serum creatinine level and tacrolimus trough level at conversion was 1.1 ± 0.4 mg/ dl and 4.2 ± 1.4 ng/ml, respectively. The mean time from transplantation to conversion was 8.3 ± 3.2 years. The conversion from twice daily Prograf to once daily Advagraf on the basis of 1 mg to 1 mg was made in 73% of patients and 1 mg to 1.1 or 1.2 mg in the remaining 27%. Within the study period 34 patients (17%) discontinued the use of Advagraf.
The clinical efficacy and safety after conversion After conversion to Advagraf , the mean tacrolimus trough level decreased from 4.2 ± 1.4 ng/ml at conversion to 3.5 ± 1.3 ng/ml at one month postconvervsion (p <0.01) and the average daily dose of tacrolimus increased from 2.4 ± 1.4 mg at conversion to 2.4 ± 1.5 mg at one month postconvervsion (p = 0.319) ( fig. 1) . Of the 199 patients studied, 147 (73.9%) had a lower postconversion tacrolimus trough level and 99 (49.7%) had a more than 20% reduction of tacrolimus trough level after conversion when compared with the level at conversion. Within the study period, one patient (0.5%) died as an unexplained sudden death and another (0.5%) received follow up in another hospital. Advagraf was discontinued in an additional 32 patients (16.1%) because of self-reported malaise (7 patients, 3.5%), deterioration of graft function (7 patients, 3.5%), self-reported headaches (6 patients, 3.0%), persistent too low or too high tacrolimus trough level (4 patients, 2.0%), oral ulcer (3 patients, 1.5%), skin rash (2 patients, 1.0%), non-adherence to the prescription of once daily dose (1 patient, 0.5%), self-reported sexual dysfunction (1 patients, 0.5%), and neoplasia (1 patient, 0.5%). Fifty nine percent of the cases of Advagraf discontinuation in the study were determined by the patients. Among the seven patients with deterioration of graft function after conversion, five patients only had slight deterioration of graft function and refused to undergo graft biopsy. Advagraf was changed back to Prograf at their request and an additional prednisolone 5 mg per day was administered for empirical treatment. All of them had stabilised graft function in the following visits. Another two patients received graft biopsy at one and two month postconversion and both had biopsy-proved acute rejection (T cell mediated rejection, Baff 1A and 2A, respectively). The mean serum creatinine level had been stable between the periods of conversion to six month postconversion ( fig.  1 ). In addition, we saw no significant changes in the lipid profile, blood glucose level, liver function test and haemoglobin level.
Discussion
Although some American and European studies have confirmed the safety and efficacy of conversion from Prograf to Adavagraf in stable renal transplant recipients, some patients had actually decreased tacrolimus systemic exposure after conversion and needed a dose adjustment [7, 8, 10] . Even though conversion was already made on the basis of 1to 1.1 or 1.2 of total daily dose in 27% of our patients, a decrease in tacrolimus exposure still occurred in 147 stable
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Swiss Med Wkly. 2013;143:w13850 kidney transplant patients (73.9%), in whom 99 (67.3%) experienced a decrease in tacrolimus trough level of more than 20%. Furthermore, two patients (1%) in this study developed biopsy-proved acute rejection, which could be attributed to low blood level of tacrolimus postconversion (approximately 2 ng/ml). We tried to determine the factors associated with the reduction of drug level after conversion, but no relative predictors were discovered (data not shown). The results of this study have called into question whether the potential benefit from improving medical adherence could overwhelm the potential risk of acute rejection from inadequate immunosuppression after conversion. In fact, some experts have questioned the assumption that Advagraf has a similar efficacy and comparable safety to Prograf in routine care of renal transplant recipients [11, 12] . They highlighted the possibility that a potential difference in the pharmacokinetics between these two drugs does actually exist and that there are discrepancies in the evolution of tacrolimus exposure from clinical trials to daily clinical practice. Therefore, conversion to Advagraf in stable renal transplant recipients still needs to be undertaken with cautious medical monitoring in routine practice. In contrast to the discontinuation of Advagraf occurring in only a few patients in past follow up studies (seven perspective and two retrospective studies) [6, 8, 10, [13] [14] [15] [16] [17] [18] , 32 patients (16.1%) in our six month follow up study discontinued the use of Advagraf, in whom up to 96.9 percent of them (31 patients) went back to Prograf. The possible explanations for this discrepancy are that patients willing to participate in the prospective studies were likely to prefer once daily dose and patients with a follow up of less than six months were already excluded in one out of two retrospective studies. Moreover, we think the investigators involved in these prospective studies were probably more reluctant to respond to a patient's request to switch back to Prograf, which could be another reason to explain the discrepancy.
It is worth noting that more than half of the Advagraf discontinuation in our study was requested by the patients, mainly because of postconversion discomfort or anxiety about the mild deterioration of renal function after conversion. This may imply that renal transplant recipients with chronic stable renal function, such as our patients (mean creatinine 1.1 mg/dl and mean post transplantation followup 8.3 years), were prone to have greater concern about the efficacy and safety of the new formulation. Therefore, it is possible that the postconversion discomforts in our patients were, at least in part, attributed to their insufficient reliability and confidence in the efficacy and safety of Advagraf.
On the other hand, it is interesting to observe that one patient had frequently taken Advagraf twice daily because he had been used to the dosing frequency of Prograf, which could cause the excessive exposure to tacrolimus and increase risk of tacrolimus related nephrotoxicity. In fact, it is reasonable to extrapolate from the result of their long term good allograft function that most of our patients had had quite good compliance with the prescription. As such, whether or not the daily dosing could further improve treatment adherence for these patients remains undetermined. There is no doubt that reducing dosing frequency can improve medical adherence and may also improve long term graft outcome [19] [20] [21] . However, there has been only limited data suggesting that conversion from Prograf to Advagraf could further improve treatment adherence in organ transplant recipients [10, 22] . This may not hold true for chronic stable renal transplant patients who are recognized to have good medication adherence due to their long term good allograft function. This needs to be clarified in future studies. Furthermore, there are no data available that demonstrate that conversion to Advagraf can improve the long term allograft outcome in stable renal transplant recipients. Therefore, the potential benefit and risk from conversion to Advagraf should be taken into consideration for chronic stable renal transplant recipients.
Conclusions
In summary, frequent conversion caused by the high discontinuation rate in this study may further raise the potential risk of allograft rejection and increase unnecessary cost. In view of this, the policy of conversion to Advagraf with the purpose of improving medical adherence should be individualised in routine clinical practice. 
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